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Q Process for production of high molecular weight EPDM elastomers using a metallocene-alumoxane 
catalyst system. 

@ A process fcr producing a high moiecuiar weignt EPDM eiastcmer having :cw crystaitinny using a cnccsc 
cis-metailocene-aiumoxane catalyst wnerem the rr.etaiiccene ccmccnent of the catalyst ""as the fcrrr.uia: 
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wnerem "M" is titanium. 2trconium or hafnium: eacn "R*" maeoendemly is a C- :c C:: linear, srancnec or 
cyclic aikyl group or a Ce to C* aikytene wnicn forms a fused ring system: "R*" is a C- to Ci linear, 
brancnea or cyclic aikyiene group, an aikyl subsntutec siianyiene grouo or an atkyi suostuutec «iiaa;kyiene 
crcuo: eacn "X" incecencentiy s a haiogen. hyende. aiky». aryi or cneiating grcuc: arc "y" :S an integer zi 
2 :o 4. 
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PROCESS FOR PRODUCTION OF HIGH MOLECULAR WEIGHT EPDM ELASTOMERS USING A 
METALLOCENE-ALUMOXANE CATALYST SYSTEM 

Tr.,s invent.cn relates io a process lor the production of h.gh molecular weioht EPDM * 
a bridged b.s-radica, metaliocene-alumoxane catalyst system which prov.des'meo^ ^ 7*73 

Ciene incorporation and ccnvers.on at high cataiyst activity . 9 " 

5 

Background of the Invention 

Olefin-baseo eiastomer.c polymers may be produced by the proper ccDoiymer,«, )0 n of -thy.ere an „ 
o.ef,n and a dene monomer. The most common such elastomers are copolymers of etfvene an, 

W r Py ' e c n onM e ' aS!0merS ' 3nd tSrD ° ,yme,S °' ethylene - «* «*ene. wn.cn are gene* I reterreo 

to as EPDMs. Wh„e oroinary EP elastomers can be cured through use of curatives sue \ s TcTr 

EE* E *p£. US ' n V U " Ur S ^™"™* compounds. 9 ,he presence TdSS ^is reZe" 
Hence EPDM easterners f,nd use in numerous cured app.icat.ons lor which the EP copolymers are no, 

SSi-SS^^^ ~ y — - -ciur-o™: 

EPDMs have many properties which make them desirable for aoplicat.ons for wh,ch other types of 
elastomers are no, as we.. su,ed. EPDMs have outstanding weather and aoo resistance ana h' h na .ow 
temperature performance properties. Such P ropen,es pan.cular.y suit EPDMs as an eiastomer'fcr u . e in 
hoses, gaskets, bens, bumpers: as bleno.ng components for p.ast.cs and for t.re s.de wai.s in the 

r™; flUSi ' y: fC0 ' in9 aDp,iCa " 0nS - Adt3,,i0na " y - &SCauSe of el — I insu, „ n oroo 

en.es. EPDMs are particularly well su.ted for use as wire and cable insulat.on 

Des.rably. an EPDM elastomer should have a reasonably fas, cure rate and state of cure- hence its 

d.ene content should be relatively high, preferably greater than about three we.ght percent. The cure rate 

for an EPDM elastomer and the the final prooen.es of the cured article ceoend upon the tyce of diere 

TT 3160 - ° f eXam0 ' e - ° n 3 C ° mparaD,e diene we, 9 ht per «" bas.s. an EPDM orocSo w?? 
ethyi.dene-2-norbornene (EN8) as the ciene w... have a faster cure rate ,n sulfur cures than an EPDM 
produced w„h d.cyciooentadiene (DCPD). or ,.4-hexadiene (HD). whereas EPDMs w„h whexacene as 

P=nM m ? n0mer ^ " nCWn '° eXh,b " 9 ° Cd heat ' es ' s,ao «. For many commerc.a. acplicanons an EP or 
EPDM elastomer should also have a low decree of crystalling, measured by Different. <=cannmc 

» Ca.or.metry ,DSC, as a heat of fus-on of 9 cai.g or less, oreferab.y .ess than 3 c* g acccl™ % 71 
.ecnn,aue .descr,bed nere.n. For an EPDM mater.a. to be usefu. for most elastomer aop..cat;ons. -t snouid 
..ave a we.ght-averace rr.oiecu.ar we.gnt of at leas, about 110.000 or. expressed .n terms of :he Mccney 
v.sccs., y (MU .. at ,27 C). at least ,0. In many applicat.ons .t .s funher des.rab.e iha, me molecular we-cn 
us,r.bu,.on of an EPDM should be charactered by a rat.o of we.ght average mo.ecu.ar we.gn, ,Mw, :o 

,s number average molecular we.gnt (Mn>. Mw.Mn. less than 5. preferaoly less than 3 

The nea, of fus.on of an EPDM is a common.y-used measure of .,s degree of crysta.iin.ty. Th.s procerty 
.s .mpoaant ,n all pract.ca, applications of EPDMs because the degree of zrysta.iin.ty ,s corre.a.ec w.th 
pnys.cal prooen.es. such as the tens.ie strength, anc also the processap.lity ano tack of she EPDM mater.ai 

M ni-^J n f „ m0St COrnmerC,3, uses ' elastomers are generally s.gn.ficantly h.gner ,n molecular we.om :han 
mUCn CryStal,,n,,y makes an EP0M "»«•"»• v *ry occult to process a, orcinary .em P e"ratures. 
nl ^ S0C<5 PhyS ' Cal pr ° pea,eS are °' COurse oes,rable ,e '9- in ^o.icat,ons such as hcse anc 
n^2,r,r* T CaDle, ■ aSa ' a a " 6XCeSS 01 cr y stallin "V cau «s an EPDM matenai :o em.c-t n.gn 
rwcness and st.ffness ana a surface w„h a "plast.c-i.ke" rather than a "rubbery- fee., ano peer surface 

45 pp^T,?.! CUffent E?DM productlon wocesses. the catalysts used for producaon of h.gn molecular we.ght 
^1 h I"!' 2,6 S0 ' Uble Cat3,yS,S ' Crmeo ,rom vanadium compounds such as vanaoium leirac.icnoe 
™ 0 lrn,n Z ace 'y |3CeI ° na «- °' a vanadyl "' a »<oxy compound ,n con,unc:.on w„h an 

g ^^oiy 0 ^ 0 ^ 0 ^ ""^ °' C0umpOund ca,a, y s,s are ^nerally iow. e.g.. SO-,29 

50 rjLT^\^ m r7! aa> 9radeS °' EPDM s. crysta,iim, y is a function of the ethy.ene ccntem -J the 
%Z euro's Z * SVS r USe ° '° r " S ° rC0UC:,0n - For 3 *™ 0°'*™' c*noo,.Dcn. me cara.ys; 

In «rJn*n V™, UmS ° reSem ^ Sl ^ e SeQuencss "°"S *' '«"v.er.e 

un..s». «h.cn are caoao.e of crystailizmg. On -he other hand, when a g.ven cataiyst system ,s u«ec ,n a 
g,ven reactor conngurat.cn. colyrT1ers w „ h conien( J , ^ ^ " ^ ^ 
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secuences. hence will be more crystalline. Fcr current commercial EPDMs fcasea on veracium catalysts, 
tr.e nature of this reiattonsnio is sucn mat pciymers are completely amorpnous tnon-crystaiime) at ethylene 
cements teiow acorcximateiy 55 wt°o ana possess significant crystaitmmes (i.e.. Heat of fus;cn greater than 
aocroximateiy 0.05 cal.g) at ethylene contents ;f aporoximateiy 55 wt% or greater The degree zi 

5 c;ystailinity exnibits less dependence on the dene content of the EPOM material than on the percentage of 
ethylene.' For an EP or EPOM procucec by the vanadium catalyst system, VOClj-ethyialummum sescuicr.- 
:onoe for example, a heat of fusion (HOR cf rcugniy 3 catg is obtamea at 67 wt°' 0 ethylene, wnie HOF =s 
as high as 9 cal.g at 78 wt% ethylene. The HOF of an EPDM at a given ethylene content may fce used to 
ccmoare the crys;ailinity of potymers prcoucec by a given catalyst system. In order fcr the catalyst system 

•r :o fce useful fcr commercial crccuction of an' EPDM eiastomer. tt s oesiraote for the cystaiiinny cf the 
cciymers to be rcughly ccmoarabie to that of currently availaoie commercial graces of EPDM. 

Since the recent advent of metaiiocene-aiumcxane coorcination catalyst systems for the crccucticn of 
poiyetnylene anc cccoiymers of ethylene ana aipna-olefins (e.g.. linear low censity polyethylene), seme 
effort has been mace to determine the suitaouity of particular metailccene-aiumoxane cataiyst systems *cr 

♦s the production of EPDM elastomers. Fcr a metailocene-alumcxane catalyst system to be commercially 
useful for the production of EPDM elastomers, it should produce high yietds of EPDM relative to the amount 
of catalyst in a reasonable polymerization time, and provide for adeouate mcorcoraticn of a ciene monomer, 
and preferably provice a nearly statistically rancom distribution of monomers m tr.e polymer chain, white 
enabling good ccmroi cf molecular weignt over a wide range while yielding a relatively narrow moiecular 

20 weight distribution. 

Two publications have addressed tr.e prccucnon of |PDM elastomers oy processes using particular 
metailocene-alumoxane catalyst systems. Kammsky. J. Poly. Sci.. Vol. 23. pp. 2151-64 M985) repons upen 
• he use of a soiucte bis(cyclccer.taoienyi) zirconium dimethyi-alumcxane catalyst system for toluene 
solution polymerization cf elastomers containing etnyiene. prooyiene. ana ENB. Kammsky employee this 

25 catalyst at low zirconium concentrations, high AI:Zr ratios and long reaction times to prepare, in low y;etcs. 
high molecular weignt EPDM elastomers navmg hign ENB incorporaticn. Although of interest, the method 
by which Kammsky recorts sucn EPCM elastomers to be producible with a tis(cyciopentac:enyl)zirccnium 
Cimethyl-alumcxar.e catalyst system ts net suitaoie for commercial utilization. In particular, the Icr.g 
ncucticn times required for Kammsky's cataiyst system to reach its full activity, a' pence on the crcer cf 

zo hours without cier.e oresent. ar.d icnger wim cier.e present, preciuces commercial operation wnerem sucn 
:cng residence times are economically inteastc>e. 

Similar to Kammsky. Jaoanese Kokai 1 21. 711 illustrates the use of a soubie bisicyclooentacienyO 
zirconium mononyonoe monccmorice-aiumoxane catalyst system for toluene solution potymenzat'cn of 
ethylene ana bttene-i wnerem. variCusiy. 5*ethyiidene-2*ncrccmene (ENB) 5*viny!icene*2-ncrccrrene 

:s iVNB), and dicyctcpentaciene (CCPD) were emcioyec as the oiene. Jaoanese kokai 121.711 further 
suggests, cut dees not illustrate, that the zirconccene component cf the cataiyst system may be a cis- 
imcenyi) zirconium hydride or cisttetrahycromcenyi) zirconium hyence rather tran a bisicyctccer.taoeny:) 
zirconium hyande. Aithougn Japanese Koxai i2L7ii suggests that a-oiefins ether than t-Dutene can oe 
employed, it illustrates only the production of an ethytene-butene-1 -aiene elastomer tEBOM) material m a 
continuous flow atmoscnenc pressure reaction. Although of interest, the 'ow procuct yield m view cf tne 
hign monomer recuirements for such process rencers >t uncesiraDie fcr commercial utilization. 

Aithougn the weather and acid resistance arc mgn anc low temoerature performance orooenies of an 
EPDM elastomer mane it a oesiraoie material for a /vice varteiy of r.ign volume eiastcmer acpiications. a 
major factor affecting production costs ana hence the utility of an EPDM m these acoticanons is the ciene 

js moncmer cost. The diene. wnether 5-ethyiicene-2-noroornene <ENBV 5-vmyiioene-2*norccrnene cicycccen- 
taaiene (DCPD) cr M-hexaoiene (HD) »s a more expensive monomer material tran ethylene or procyene. 
Funner. the reactivity of diene monomers with metailccene catalysts described m the prior an is lower tnan 
that of etnyiene ana propylene. Consecuentiy. to acnteve tne requisite degree of ciene incorporation to 
procuce an EPCM with an accectaciy fast cure rate, a has been necessary to use a ciene mor.cmer 

so concentration which, expressed as a percentage of the total concentration of monomers present. :s m 
substantial excess ccmoared to the percentage cf ciene cesirea to be incorporated into the finai EPDM 
product. In turn, the poor conversion of diene monomer increases the cost of prccuction; since tne 
sucsiantial amounts of unreactec diene monomer must be recovered from the polymerization reactor 
effluent for recyce. 

55 Further accire to the ccst of crccucmg an EPCM is the fact that execsure of an oienr. eoiymenzaticn 
catalyst to a diene. esoeciaily the nign concentrations of diene monomer recuirec to crccuce the reouisite 
ievel Of oiene mccrcoration m the finai E.-CM orocuct. often reduces tne rate or activity at wntcn the 
rataiyst wni cause polymerization of etnyiene ano orcoyiene monomers tc proceed. Corresccncmgiy. ewer 
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throughputs ana longer reaction times have been required, compared to the prooucnon C f an ethylene- 
propylene copolymer elastomer iEP) or other o-olefin copolymer elastomer. 

To date there has Deen no suggestion .n the art of a process utilizing a metaiiocene-aiumcxane catalyst 
system whicn possesses the necessary comomation of procenies. nameiy. mgn activity m presence of 
diene monomer, hign aiene incorporation and conversion rate, high polymer molecular weignt *ith hign 
yield, which are recuisites for the economical manufacture of a high molecular we-ght EPDM elastomer 
product. Nor has there been a suggestion m the art of a meiailocene-alumoxane cataiyst system whicn wni 
produce high ethylene content EPDM materials having a heat of fusion value beiow acout 3 catg ana a 
desirably narrow molecular weight distribution (MWD> of MwMn less than 3.0. 



Summary of :ne invention 

This invention comprises a method for producing high molecular weight EPCM elastomers by solution 
or slurry polymerization of ethylene, propylene or other o-clefin. and a non-conjugated ciene monomer in 
the presence of a meiallocene-alumcxane catalyst system in which the metaiiocene component comprises: 



20 



25 




wherein "M" .s titanium. 2irconium cr harmum: each "R"" indepencently is a C- io C;; :inear. orancnea or 
cyciic aikyl grcuc or a Ci-C* alkylene whicn forms a fusea nng system: "R 2 " is a C- to C-: linear, crarcnea 
or cycnc aikyi grouo. an aikyl substituted silanyiene group or an alkyl sucstitutea siiaaikyiene bnocirg 

35 grouo {i.e.. a bridging group containing both caroon ana silicon atoms wnerem the silicon atom \$ aikyl 
substituted: each "X" independently is a halogen, hyonce. a hycrccarbyi raaical sucn as an aryi grcuo cr a 
linear, branched or cyciic alkyl grouo. or cneiating grouo. and m y m is an integer of 2. 3 cr A. Tyoicaiiy the X 
hydrocarbyl grouo may have from 1 to 20 carbon atoms, out may be greater if cesirea. Preferaoiy "R"" »s 
butyiene. to yieia a tetranydromoenyl fused ring structure, and "R 2 " is ethylene, ciaikyisiianyiene. or tetra 

jo aikyldisilanylene. Such metaiiocene catalyst system. ts preferaoiy suoponec on a silica gei succcn. m the 
presence or absence of the alumoxane cocataiyst. and is employee for the procucrjon of an EPDM tn a 
slurry polymerization procedure wherein the propylene or other a-olefin monomer suitable for use as a 
polymerization diluent serves as the polymerization diluent, m the presence or aosence cf adCitional 
alumoxane m the liauid phase beyond that whicn is already present on the sucooa. By "ssurry" 

--5 polymerization it is meant that the orocuct ooiymer is prccucea ;n the form cf granules susoer.cec >n me 
polymerization diluent. An EPDM elastomer material produced by the process of this invention «s cnaracter- 
»zed by a heat of fusion of less than 3 caLg at ethylene contents uo to 70 wt°v 



so Description of the Preferred Embodiments 

This invention relates to a process for producing EPDM elastomers of high molecular weignt. low 
crystailinity. and greater than about 3 weignt percent diene content. In particular it re;ates to a catalyst 
system comprising an aikyiene or silanyiene or mixed aikylene-silanyiene bnaged bistsucsntutec cycocen- 
55 :aaienyi> Grouo IVB transition metal comccunc-aiumcxane system wmch is nigniy aenve *cr ;he crccucticn 
of high molecular weight-mgn diene-rugn ethylene content EPDM eiastcmenc polymers having a icw neat cf 
fusion. 

As usee rerem the term "EPDM" encomoasses polymers cemensed cf ethylene an a:ch£-o<e?in. ana 
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ere cr mere non-conjugated diene monomers. The ncn-conjugated diene monomer can be a straight cratn 
crancned chain or cyclic Myarocarccn diene having irom aoout 6 ;o about 15 caroon atoms. E.xamcies cf 
suitable non-cenjugated dienes are straight chain acyclic aienes sucn as 1.4-hexadiene anc i.6-oc:aciene: 
crancned chain acyc:ic Cienes such as 5-methyi-i .4-hexadiene: 3.7-dimethyM.6-octadiene: 3.7-atme;r.y:- 

5 i .7-oc:aaiene and mixed isomers of Cihyaromyncene and dihyoroocmene: single ring alicyciic cienes $*jcn 
as 1 .3-cyciooentadiene: 1.4-cycichexaoiene: 1.5-cyaooaadiene and i .5-cyclododecaaiene: and mcitw:rg 
alicyciic fusea and bridged ring dienes such as tetrahycroindene. methyl tetrahydromdene. c:cyc:ccen- 
taoiene: bicyclOM2.2.i)-hepta-2.5-diene: alkenyl. alkyiidene. cycioalkenyi and cycfoalkylidene ncrccrr.eres 
such as 5-methylene-2-ncrbornene (MNB): 5-proDenyl-2-noroornene. 5-isooropytidene-2-norcornene.5--4- 

•c cyciocentenyl)-2-norccrnene. 5-cyclcnexyticer.e-2*noroornene. 5-vmyi-2-noroornene and norbornaoiere. 

Of the Gienes tyoicaiiy used to preoare EPDMs. the particularly preferred cienes are 1.4-hexac.ere 
\HQ). 5-ethyiidene-2-noroornene (ENB). 5-vinyiioene-2-norbornene (VNB). 5-methylene-2*ncrocrr.ere 
(MNB). and dicyclccentaciene (DCPD>. The especially preferred dienes are 5-ethylidene-2-ncrccrr.5re 
(ENB) and 1 .4-hexaciene |HD). 

'5 The preferred EPDM elastomers may contain about 20 up to about 90 weignt percent ethylene, mere 
preferably about 30 to 35 weight percent ethylene, most preferaDly about 35 to about 80 weignt percent 
ethylene. 

The aipna-olefins suitable for use in the preparation of elastomers with ethylene and dier.es are 
preferably CrC*; aicha-olefins. Illustrative ncn-iimiting examples *of such aiohaolefins are prccyier.e. i* 

20 butene. i-pentene. i-hexene. i-octene and t-dodecene. The alpha-oiefin »s generally incoroorated in-c :re 
EPOM polymer at about 10 to about 80 weight percent, mow preferably at acout 20 to about 55 wescr.t 
percent. The non-conjugated aienes are generally incorporated mto the EPDM at about 0.5 to abcut 20 
weignt percent: mere preferably at aoout i to abcut 15 weight percent, anc most preferaoly at 3 tc acout ^2 
weight percent. If desired, more man one diene may be incorporated simultaneously, for example HD and 

25 ENB, *ith total diene mcorooration within the limits specified above. 

The catalyst employee in the method of this invention is a metaliocene-alumoxane system wnerem :he 
metailocene component of the catalyst system is of the formula: 



30 




wherein "M" is titanium, zirconium or hafnium: R* bridging grouD is a linear, brancned or cyclic aikyiene 
radical having from one to six carbon atoms, an aikyl substituted silanyiene grcuo having from one to >o 

-5 sniccn atoms or an aikyl substituted siiaaikyfene group (i.e.. a bncgmg cnam cemensmg silicon and careen 
atoms): each R* incecendently is a linear or branched hydrocaroyi racical from one to twenty carcon atcms 
or a cyclic hydrocaroyiene raoicat having carcon atcms joined !o different ring oosmons of the cyccce-'v 
tadienyi grouD to form a C4-CU fusea ring system: each "X" maepencently is hydnde. halogen, cr a 
hydrocarfciy radical such as an aryl grouD or a linear, branched or cyclic aikyl grouD: and "y" is an >ntecer 

;o from 2 :o 4. The metailocene »s preferably a zirccnocene. that is "M" is zirconium. Exemplary R' 
hydrocarbyf radicals are methyl, ethyl, prooyl. butyl, amyl. isoamyi. hexyl. isobutyi. heptyi. ocryl. ncnyi. 
dicyt. cetyl. 2-ethythexyi. phenyl, ana the like. Exemolary R* hydrocaroyiene radicals are crcoyene. 
butytene cr the like. PreferaDly r .he R* grouo is a cyclic hydrocaroyiene of butyiene which -s jOtnec :c 
acjacent ring positions cf the cyciooentaoienyi ligana :o provice a tetranyarotnaenyi group. Hence, n :re 

!5 preferrea case the metailocene component of :ne catalyst system is of the formuia: ' 
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wnere.n each -R3- independently is a linear or branched hydrocarbyl radical having from i to 20 <-arccn 
atoms: T , s an integer from 0 to 2: and and "X" are as prev.ousiy described. Exemolary * linear 
aikylene radicals are methylene, ethylene, propylene, butyiene. pentyiene. nexyiene and the like Exemoiary 
cyc,,c alk yene raccais are cyciooutylene. cyclopentyiene. cyctohexyiene ana the like Exemp.ary R< 
alkyi substituted s.ianylene groups are dimethys.lanyiene. letra methyic.s.lanyiene. methy'ethyis.lanviene 
c.ethyisilanyiene and the like. The R' group may also be a bridge composeo of a carocn-s-liccn seauer.ee" 
e.g.. -Si(R ) 2 -C(R h- wnerem R is lower alkyl and R is hydrogen or lower atkyl: wmcn is here referrec io 
an an alkyl substituted siiaaikylene group. Exemplary R : alkyl substituted s.laaikylene grouos are i-sila-i 1- 
dimethy (ethylene. 2-s.la-2. 2-dimethyipropylene. i.3-disila-i.l.3.3-tetramethyl D rooy!ene. ana the like Prefer- 
ably R* is ethylene cr cimethylsilanylene. most preferaoiy R 2 is dimethylsilanylene. 

The preferred zirconocenes are ethylene b.sftetrahycromdenyi) ana o.methyis.iany.ene Ns- 
(tetrahydro-ncenyi). with c.methyisilanyiene b.sftetranycro.ndenyl) zirconocenes the most preferred *xem- 
piary of su.tab.e z:rccnocenes are ethylene bridged bis(tetrahydrcinaenyl) zirccn.um dichlor;ce and 
dimethylsilanyiene Dncgeo bisitetranyoromoenyl) 2irccnium dichloride. 

Methods for oreparing the required metallocene are known m the art. for examcie. see H H Sr.ntzincer 
et. ai.: Journal of Qrganometaiiic Chemistry , Vol. 288. p. 63 (1985) ano C. S. Bajgur. w R T.kkanen J l' 
Peterson: tnprg, Chem ., Vol 24. pp. 2539-2546 (1985). 

The aiumcxane component of the catalyst system > s an oligomer* aluminum comccuno reoresentec by 
the general formula. .-R-AI-O),. which , s a eyerie ccmcound. or RiR-Al-O-UAlR; wmcn is a linear comccuno 
m me general a.umoxane formula *R-. ,s a C-C, aikyl radical, for examoie. metnyi. etnyl. orcoyi butyl or 
pentyl and -n- . s an .nteger from 1 to about 25. Most preferaoiy. -R- .s methyl ar.o VT :S at least 4 
Alumoxanes can be preoared by various procedures known in the art. For exarncie. an aluminum alkyl may 
be treated with water dissolved m an men organic solvent, or it may be contacted with a hydrated salt sucn 
as hydrated cepcer sulfate suspended m an ,nert organic solvent, to yield an aiumoxane. Generally 
however precared, the reaction of an aluminum aikyl w.th a stoichiometric amount of water yi&ds a mixture 
of the linear and cyclic species of the aiumoxane. 

The catalyst emcioyeo in the method of the .nventicn comprises a system 'ormed uoon admixture of a 
metailocene. as scecifiea. w.th an aiumoxane. The catalyst system ccta.nec rhrcugn contacting cf >ne 
metallocene and the aiumoxane cccataiyst may oe formed prior to .ntroouct.cn of these comoonents into 
the reactor, e.g.. on a support surface, or. alternatively, it may be formed in the reactor. In the case that tne 
active system is formed m the polymerization reactor, the molar ratio of AI to Group IVB transition metal m 
the reactor is desiraoiy m the range 10-5000. preferably 20-4000 and most preferably 20-1000. In the case 
that the active system .s formed outside the reactor, the preferred molar ratio of Al to Group IVB transition 
metal is m the range 1-1000. desiraoiy 20-200. In the latter case, additional aiumoxane cccataiyst may oe 
used in the reactor so that the total ratio of Ai to Group IVB transition metal .s in the range 10-5000. ' 
preferaoiy 20-4000 and most preferably 20-1000. L.kew.se. in this case, a small amount of another 
aluminum ccmoounc may be added to the reactor together w.th. or msteao of. accmonai aiumoxane. fcr :ne 
purcoses cf scavenging any :mpunties wmcn may be oresent m the reactcr 

The catalyst system may be preoared as a homogeneous cataiyst by addition of the recuisne 
metallocene ano aiumoxane to a solvent m wmcn coiymenzauon wiil be earned out by sciuticn cciymer:za- 
ncn procedures. However, .n the context of the present .nvention. the cataiyst system .s oreferaoly preoared 
and employed as a Heterogeneous cataiyst by aoscrcmg ;ne recuisne metaiiccer.e. crereraciy ;irconccsne. 
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anc alumoxane components on a catalyst sucpcrt material such as silica gel. alumina or ctner suiracie 
.norgamc suppon material, when prepared m heterogeneous or supportea form, a is preferrec :c use =nca 
;ei as the support material. The heterogeneous form cf :he catalyst system is employee "n"*" slurry 
-ciymenzatton orocecure wuh or without aacmonai aiumoxane present m the ; iauid phase. As a cre'e-ca* 

5 .imitation, slurry polymerization takes place m liquid ciluents in wmch the polymer product is suDstariiiiv 
insoiuole. Preferacly. the diiuent for slurry polymerization is one or more hydrocarbons wuh ~iess\r £ " 5 
careen atoms. If cesireo. saturated hydrccaroons sucn as ethane, propane or outane may be usee" .r.Vr'cie 
or pan as the diluent. L.kew.se the o-oleiin monomer cr a mixture of different a-otefin monomers may ce 
usea m wnole or pan as the diluent. Most preferably the diluent comonses m at least major part the o-cefin 

•0 monomer or monomers to be ooiymenzea. in :he crcaucucn of EPDM elastomers in accorcance m\r. *r. e 
method of this invention, .t is preterrea to utilize the a-oienn monomer m excess m liquified state as :*re 
polymerization diluent. 

The suppon material for preparing a heterogeneous catalyst may ce any finely aiviced inorganic sciia 
porous support, sucn as talc, silica, alumina, silica-alumina ana mixtures thereof. Other inorganic cxices tnat 
15 may be employed either alone or in combination with silica cr silica-alumina are magnesia, mama. zirccma 
and the like. The preferred support material is a silica gel. 

The metallocene and alumoxane are utilized in the form of a heterogeneous suoportea catalyst by 
cepcsition on the succort material. While it should not be construed that the invention .s limited in any *ay 
by the following mecnamstic interpretation, it is consicered that for optimal effectiveness of the atumcxane 
20 ceposited on the suooon. it is des:raofe that the unoouno water initially present cn the support shouic ce 
essentially wholly removed. For example, silica gel may be c^ehycrated by heating or otherwise treating .t :c 
remove its water content or its water content may ce convened :o a denvate which is clement ;c the 
formation the meiaiiocene-alumoxane catalyst system. A suitable silica gel «ou\c nave a pamae ciameier :n 
the range 1-600 microns, preierrabiy 10-100 microns: a surface area of 50-1000 nv g. preferably 100-500 
;s m : g; and a pore volume of 0.5-3.5 cm : g. The silica gel may be heat treated at 100-1000'C. preferaciv 
200-800 C for a period of 1-1OO hours, preferably 3-24 hours. 

The oraer of accitton of the metallocene ana alumoxane to the support material can vary. For examoie. 
the metallocene (cissolved m a suitable hydrocarbon scivent) can be first adced to the suopcrt material 
followed by the acamon of the alumoxane; the alumoxane and metallocene can be adcea to the succcrt 
30 material simultaneously: or the aiumcxane can ce first acdea to the supoon material followed by the 
addition cf the meteiiccene. 

As stated befcre. ztrccnocenes of the soecified c:ass are the preferred metallocenes. Consecuently 
funher discussion cr the catalyst w.ii be w.th specific reference to zirconccer.es aithougn it shcu.c ce 
unaerstcod that similar concmons and procedures are appneaoie to titar.ocenes ana hafnocenes as we;l. 
35 m the preterrea case, a oenydrated silica gel is contacted w.th aiumcxane anc subsecuently wi;r. the 
z:rccnocene. if des;reo. :ne zirconocene can be aacec to a cehyaroxyietec siiica gei prior to contacting :ne 
Silica gel with an aiumoxane. in accordance wuh :ne preferred emcccimeni of this invention, the atumcxane 
cissoivea m a suitacie men hycrocarbon solvent is acoec to the succcn material either ary or siurnea :n 
the same or ether suitaDie hyarocaroon liquia ana thereafter the zirconocene is added to the Slurry. 
^0 preferaoly after drying tne suDpon uncer vacuum ana resiurrymg m a ngnt hycrocaroon. The zirconocene is 
acced to the slurry m an amount sufficient to provice from aoout 0.02 to acout 5 0 weignt percent -irccnium 
metal based on total catalyst weignt. The zirconccene Is more preferaoly acced m an amount to prcvice 
?rcm aoout 0.10 to accut t.O weignt percent zirconium metal based on tctai catalyst wetgnt. 

The treatment of the suocon material, as mentionec accve. is concuctec :n an men solvent. The same 
-■5 men scivent or a afferent men solvent can be emoioyed to dissolve tne zirconocene and alumexanes. 
Preferred solvents mc:uce mineral cus and the various nycrocaroons wmcn are iquid at reaction tempera- 
tures and m which the mciviaual adscrcates are soiucie. illustrative examcies of useful solvents mcuce 
alkanes such as pentane. :so-oentane. hexane. heotane. octane ana nonane: cycicaikanes such as 
cyciocentane ana cyciohexane: and aromatics sucn as benzene, toluene, xylenes! ethyibenzene ana 
so diethyibenzene. The suooon material may be present by aseff. wmch is preferred, or may be siurnea in the 
men sowent m wmcn the zirconocene and alumoxane are dissolved pner to the addition cf the sucpcrt 
material. 

The supooneo catalyst ;s orecared by aading the adsoroates m a ratable solvent, e.g.. toiuene. ;c the 
suppon material wmcn is oy .tseif or m a slurry. Preferaoly. a solution of the aoscrbate «s addec :c tne cnea 
zs suooon material. Mcs: prereraciy. a tciuene solution cf the acscrcate :s accea to stfica. in accorcance -vnh 
tne preferrec emcociment cf this invention. :r.e alumoxane cissolved m toluene is aadea to the Siiica 
panicles m a first steo. ana the treatea sciic <s cnea. The anec sonc >s then treatec with a sduticn cf ren 
solvent cissoivec z:rconocene as a seccna steo. in cctn cf these stecs. tne cencmons for accmcn cr tne 
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acscroates are not particularly cr.t.cai. The amount of solvent to be employee) should ce «■■*•■--„, . 
prov.ee adequate heat transfer away (rem me catalyst components ounng reaction ano to c'-XLJ 
m.x.ng. the temperature maintained aur.ng me contact of me reactams can vary widely 
example, from 0 to 100 C. Greater or lesser temperatures can a.so be emp.oyed. Althc.cn"^ - cicn 
5 between the alumoxane ano the support material -s rapid, .t is oes.rable that the alumoxane ce ~n7™ 
wih the suoport matenai for about one naif hour up to eighteen hours or greater. Preferably me <l'JT n « 
mamtaineo for about one hour. 'eac.ion .s 

At ail times, the indiv.dual ingredients as well as the recovered catalyst components must be -rotectea 
from oxygen and mo.s.ure. Therefore, the reactions must be performed .n an oxygen ana mo-si^ f ee 
:o atmosohere ana recovered in an oxygen ana moisture free atmcsonere. Preferably therefore the -ac-icrs 
are performed ,n me presence of an dry. men gas sucn as. lor example, n.trogen. The recc-e^ '.one 
catalyst is maintained in a nitrogen atmospnere. 

Uoon comp.etion of the deposition of the z.rconocene and alumoxane on the suooon the sore -»»„-i 
can optionaily be treated w„h a small amount of monomer, e.g. ethylene, to form an amount of eo. y 'rr-r on 
■•5 me solid catalyst matenals to increase the cata.yst weight from about 50 to about 1000". basec -n initial 
weight of catalyst and suoport material. Such treatment is hereafter referred to as a preoo.ymer.zaticn of the 
catalyst. Prepolymerization of the solid catalyst material aids .n obtaining an EPDM elastomer -rccuceo 
therefrom during slurry polymerization in well defined particle form. The soi.d material as sucn or as 
prepolymenzed. can be recovered by any well-known technique. For examoie. the solid catalyst material 
20 can be recovered from the liquid solvent by vacuum evaporation or decantation. The soiid is thereafter dried 
under a stream of pure dry nitrogen or dried under vacuum. 

In accordance with the preferred procedure of this invention an EPDM elastomer >s producec »y «i U rrv 
polymerization ut.lizing Q -olefin monomer, preferably propylene, as the polymer.zat.on ciluent ,n wnlch a 
suopeneo z.rconocene-alumoxane catalyst system is suspended, in an amount sufficent to yield a -c.ymer 
?s w„h me ces.red oiene content, generally greater than or equal to 3 wtv The concentration of eiere -n the 
reactor as a volume percentage of total diluent present w,n range from O.t to 25 vol". w,m 0 5 «o JO vol" 
pre.erreo and i to 5 vol% especially preferred. Diene monomer is supp.ied to the polymenzat.cn -.iuent 
tmy.ene is added to the reaction vessel m an amount to maintain a differential pressure in excess of the 
combined vapor pressure of the a-oiefin and diene monomers. The ethylene content of the po.vner ,s 
M determined by the ratio of ethylene differential pressure to the total reactor pressure Generadv the 
po.ymenzat.on process is carried out with a differential pressure of ethylene of from about 10 to abcvt'iOOO 
ps.. most pre.erably from about 4 0 to about 400 psi: and the polymerization diluent is mamtaineo at a 
temperature of from aoout -|0 to about 90 "C: preferably from aoout 10 to about 70'c. ano most oreferao.v 
■rem about 20 to about 60 C. Under the conoit.ons as indicated above the ethy.er.e. o-oiefin a- c , ier , 
35 polymerize to an EPDM elastomer. 

The polymerization may be earned out as a baichw.se slurry pciymenzation cr 2S a continues -r-c-ss 
slurry polymerization. The procedure of continuous orocess slurry polymerization : S preferred r *r, C n 
event ethylene, o-oiefin. diene. and catalyst are continuously supplied to the react.cn zone. 

Without limiting in any way the scope of the .nvent.on. one means for carry.ng out the proc»« -f the 
* present .nvent.cn ,s as follows: In a st.rred-tank reactor iiou.d prooylene monomer -s intrcouc-d -ntmu- 
ousty together w,th diene monomer and ethylene monomer. The reactor contains a iicuid phase ccmccseo 
sudstant.ally of liquid propylene and diene monomers together with dissolved ethylene gas anc » -/acor 
pnase conta.n.ng vapors of all monomers. Feed ethylene gas .s introduced either .mo the vaoor erase of 
the reactor, cr sparged into the liquid phase as wen known .n the an. Catalyst ano any adcitionai cccataiy«t 
and scavenger. ,f emoloyeo. are introduced v.a nozzles .n either the vaoor or licu.C cnase *-th "ciy-e-ra- 
t.cn occurring substantially .n the liquid pnase. The reactor temperature ana oressure may be controlled v.a 
reflux of vaoonz.ng aipha-oiefin monomers tautorelngeration). as well as ov ceding coils iackets ex The 
porymenzation rate ,s controlled by the rate of catalyst addition. The ethylene content of the cc.ymer 
product is determined by the ratio of ethylene to propylene m the reactor, wmcn , s contrciiee by 
manipulating the respective feed rates of these components to the reactor. The polymer product moiecuiar 
weignt .s controlled, optionally, by controlling other poiymer.zation variables such as the temperature v by 
a stream of hydrogen introouced to the gas or liouid phase of the reactor, as is well known m me ar The 
polymer product which leaves the reactor is recovered by flashing off gaseous ethylene ano proov.ene at 
reducea pressure, ana. if necessary, conducting further devolatilization to remove residual oiefin anc :.ene 
monomers .n eouioment such as a devoiatilizmg extruder. In a continuous orocess the mean res.cer.ee :.me 
of the catalyst and polymer .n the reactor generally is from about 20 m.nutes to 3 hours, ano preierac:v 20 
minutes to 6 hours, ano more preferably i to •» hours. 

The finai cropemes of me 2P0M elastomer oroouceo by the orocess of the invention are reiatec := me 
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reaction cono.tions. parncuiariy the emyiene-a-oiefin rat.o. the concen,ra.,on of d.ene monomer f 
resicence time ana concentration ot hycrogen. A present e ' !ne "taiys: 

Longer cata, y st res.cence ..me w,i. resu.t ,'n a higner' y ,e.d of an E?DM e.as.omer when other r-„„-,- 
are constant, proving a prccuct wan : 0 w rescues of aium.num. Group IVB trans.t.on II ' t ^ 
mater.a.. Higner cene monomer concen.rat.ons w,H orov.de an EPDM hav.ng iT^n^ro.^iT': 
■ncorporated Cene. r-or a g.ven cata.ys. system, me cegree cf crys,a„in„ y expressed ^ ^ °' 
measured by DSC depenas pnman.y on the etny.ene content ,„ me po.ymer wh,e " urn T-l'nZ 
by the polymer,™™ reaction conoiuons. At a g.ven e,hy,ene content. the heat of lu "on cr TfTom 
e,astomer produced ,n accorcance w„h the br.cgea metatlocene catalyst process of L „ 
.*gn,fican„y . 0 wer man for an EPDM produces by process emoioy.ng Jl^^ZeT^" 
as mennonec prev.ous.y. the mc.ecu.ar we,gh, of the polymer product can be cln^^^: 
known ,n he an such as by aact.on of hydrogen to the poiymer.zat.cn system. However Z^T ^l 
process of th,s ,nver, !0 n. the we,gnt average mceca.ar we.ch, of the EPDM polymers LZr^ J ' 
to the present invent^ is greater than or equal to , ,0.000. AUernat.vely in * 
the pcymer ml., a, ,27'C is greater than or eoua. to ,0. The ^mTi^^SS ^T' 
produced accorcing ,o the present invention „ ,ess than 0.05 cal.g when «h 

pcymer ,s less than 55 w t %. When the e.hy.ene content E ,s greater than or UJST^St^, 

0 u r 5 T- :::x <E * 551 cat9 - pre,erab,y ;ess :han ° 2 ,e - ss > ~* - — ZmZX 

in me Examples wn.ch ,llustra;e the practice of the .nventicn. the analytical techn.ques Described 
were emp.oyed for the ana.ys* of the resulting EPDM elastomer products ,eC " n,queS 0escnbea fcel ° w 
The heat of fusion .heading "HOF cal.g" in Table i 8 ) was oe.ermined by DSC ac-erdino to m* 
foilowng techn^ue. Accrox.mateiy 0.5g of po.ymer was p,aced between two ,iw of tZ% l„ ? a 
pressed ,n a 20 m,, mo.a at 150 C for 30 m.nutes. The re S ,,„ng C5d was annea.ec for a, lias, cav ^ 
room temperature. The DSC ana.ys.s was run unoer a helium atmoscnere on a Pernm-Emer DSC 7 ^ 
10-15 mg from the pad. The cyc.'e cons.sted of loading at room temperature coolinc -o • r .J 

by •heat.ng to - 200 C a, a rate cf 20 " C per m.nute. The heat of Jon w^I co Ine'd by summ.ng Tea" 
of we.l-def.ned peaks cccumng acove the giass trans.ticn temcerature. a. wh,ch a baseline cha^e occu l c 

^ is de^ecl Tale .B VZc Z 5 5 ' S ° » " *"* a ""«*"" — 

The ethylene anc cene ccntents of EPDM elastomer crocucts .heading "*H NMR C 2 w,%- anc -u 

'^'cnnicue H 1 ^^T^T* * ^ ^ — 4 «o U inc' 

ecmicue. h nmr s.ec.ra a t 400 MHz were recorcec cn a Vanan XL-uOO NMR scectrome-er ccerat.nc n 

' S fi U T TranS,0rm e T C *- W ' m ?ne fCl,Cw,n S ^-en. ccrcnor.s: pulse ang ie . 40 " accu's! oT : me V" 
a8C: CU,Se Ce ' ay 5 0 sec: scec:f£1 ^-000 H 2 . anc nurcer of transit accmu.atec 200 Sn'c es 

d e ,erm C n a S ,°r G MC ' m « :6mCer5! - S - 3t 3 "ncentrat.on of 2 S Fc7m e 

de.erm.nat.on of e.hy.ene content, the integra.s of the memy. rec.on. ... .chem.cal sh.f, -e°.a 

te rame,hys,ane = 0.88 pom to 0.94 cP m, and the methylene anc meth.ne reg.on. h ,« a - f 0 P pm o 

= 3f. f . H3? !T IOy ; C QO wV thylene m °' e CefCema5e " ^ — m-ned'from^he formula E mo.e^ 
■nte^ L of ' Z .11 , X ■- me d ' ene ' S , 4 -' ,exacie " e «•"•• ='ere content was =eterm,ned from :he 
■n.egra. of the peak for o-e.m.c protons occurr.ng a. 5.43 CC m. anc the methylene methyl ano me.h.ne 

"r^d zi::":r fcr the 3resence °' hexac,ene ,ncorccra;ec - ^ ■» ~ 

• S r pre l :! n D , • " aS 0 ' stin S^ed =y the presence of v, ny . protons acceanng a. - 5 7-5 3 

-5 pern, when me cene * ENB. the ciene content was =e:errr.,nec from tr.e .ntegra. of the ceak 'cr o.efir.c 
pro.ons occurr:ng at 5.23 ana 5.02 ppm (for as- and trars-metn.ne protons of = CH^CH rescect-e^ Jo 
*e . me.hy.ene. methy. and meth.ne reg.ons were corrected for the presence of .ncorpora e^ Zb in 
6 01 TJ S7r~° K \ ^ " PfeSem - W3S ™^>™ &y Wince of v,n y . pro.ons aopeanng a, 

so t'ZZ n n , W3y " Pr °' 0n analVSlS WaS Ca0aC ' e °' yie ' a,n S ^anicguous va<ues for the contents of 
so ethylene, propylene ano cene mcoreoraied in the ooiymer 

T^ 0 ^ We ' 9h, Celerm,nat,ons ,cr Ep D^ e'«tcmer products (heacng "Mn * ,0" ano "Mw x .0^ ,n 
raoie IB) were mace by gel permeation chrcmatograony ,GPC) according , 0 the foiiow.ng rechn.oue 
Molecular we.gnts anc mo.ecu.ar we.ght distr.bunons were measured us.ng a Waters .50 gel oermeat.on 
chroma.ograon ecu.pcea w.th a Chroma„x KMX-6 on-.,r. e :.gnt sca.ter.ng photometer. The system was usee 
=5 ct 135 C w,,n .^^.-nciccrcoenzene as the mcc.ie pnase. Sr.ocex ,Sh 0 wa DenKo Amenca. inc.) cc.yc r/ - 
rene ge columns 802. 303. 804 and 805 were usee. Th, s tecnn.oue -s oiscusseo ,n 'Uou.o Chromatog- 
r a pn y cf Polymers anc Reiateo Matenais ill", j. Cazes actor. Marcel Dekker. .98. z. 207 *n, C n s 
rcorporated here-n by reference. No corrections 'or ccumn soreaamg were emcoyea. ncwever cata on 
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£22 o'™:^^^ P ~e ue. an C an, cn , C£ , Iy 

:ha, such corrections on Mw.Mn .ere ,e s ari a « ^ iT ? ene - p '° e V' ene "oCymers. cemorstrated 
expressed by Mw/Mn. was calculated from -n "2 Hnn , £ m °' eCU,ar we ' 9h ' *»»bwon ,mwo> 
*e ccmmeraaHy avaHab.e B^«c^^ l S^■s^f,T e,,Ci, ana ' ySeS ****** ^ 
Permeat.cn parage, run on a He^en^aZT^ uf er ° CWCU ° n ** Stan «'° G«» 

^JS^o'JSr- ML: " " * 27 ' C " - ~ a M ~° ^ ey Viscometer accor.ng , 
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Catalyst Preparation Examples 



Example ^ Synthesis of methyialumoxane-silica support (MAQ SiO; j. 

1M l^n ^l^CE^J ST? T * ^ ' * °' MA ° <~ 
... a, SOO-C. The solvent was rU^I^ SW^T^ 

E^mpje 2 Silica supported bis (tetrahydromdenyi) ionium nir^ .-^ 

MAO-treated si.ica'g*? wa^g^ XT 50 ScZ "J* W " 9 ^ 5 9 °' ™»»* 
(tetrahydroindenyl, :ircon,um cichLde w s oisso.ved in 7 " o oLn". " "* ^ 25 ° m<3 °' b ' S * 
acced droowise to me MAO-treated s ,iir a Z . 1 1 US an ° me !0,uene sol "<™ was 

m.nutes o. herniation u n^a Tt!r s Tcf "~ 3 ° m ' nUteS - The S ° W Cake * Af *' » 

The flask was removed to a vacuum 5« * , ' d, "° nal ^ *'° ,Uene was adceo ! ° ***** tne s.lica. 
--.ycon.a.ns.a^ — vacuum. The dried so.id 

Example 3 Silica-suo porteo ethylene bndcea bis,>=T-hvr<r„. n H=„ .. 
:s ' cse ° Q'S' =.rchygroindenvH zirconium cicricnde catalyst. 

-:n a dry box. 2.0g of the MAO-treateo s.lica ce> «ucccrt made ,n F««r,m. - 
Schierw flask eou.poea with a i men ma( , no „ t T Example t .vas weighed into a £0 mi 

cichicnde was dissolved ,n 3 ri of "oTuene ™. ^ e ^^««^'*«'»y'' " 

. aocec dropw.se ,0 >he 2 o of MAO^ < ° 3 he3t 5un ' A " er ai ^iu.,on. ,he solution was 

« convert the powoer into a s.ur y T £ wa 'emo LTn "T * °' aCai,i0na ' ary : ° ,Uene " as a «*' » 
30 .notes. The slurry was J„ ^"ST ^ £ £ ™ 5 ' Ci "- « « *< 

nommai loading was 2.5 wt% z.rconocene cr 0.52 w,% Zr '"^ reCOvereo " The 
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J5 & 1 a :: c ! e 4 Siiica-sucponed d.n,ethyts,ianyieneb.s.ietr a hvnm.n rt . w .,» ... 



ireonium cicnionde rataivst. 



50 



m, <?^^« ^^ 8e ^^;^7 — rahyoromdeny, ^on.um dich.onde -n 3 - 
st-rred with a magentic st, ITZL 4 ^m. L MA °- ,rea,e0 s '"' ca °' E « m ^e 1 wh.ch w as v.gorcus.y 
snrreo at S5'C for 30 m mutes anS m 2 If , ^ * ^ S °' idS ' The ™ 

Con t a,ned 2 .5 w,% „ rC0 nocene * or C ?.« I w,.^ rem ° Ve ° VaCUUm ' N ° m ' na "V- th « c«»y« 

Polymerization Examples ' 

Comcaratiw Example 5: Ethylene-Procyiene -ooivmen-aHon w ,. h - k 
ttetranyoro.nce nvi) zirccn ,um g i C nin^ a ' V er>aI,0n — ^methy.s.lanyiene Cs- 
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10 mg of the s.lica-supported dimethyls.lanylene-br.dgeo bisttetrahyaro.naenyl) z.rcon.um -fe- f r 
catalyst ol E.xamp.e * -as charged to a i liter reactor containing 500 mi ol liou.d propylene ore«sur,«. " ! 
total oressure cl 52S p S1 g w.th ethylene at 50 "C. i ml ol t molar methylalumoxane ana i" ™ 0 7j«. 
tr.ethylalum.num were employee as cocatalyst. Pclymer.zation was earned out lor 30 minutes P~ Cl V- Y 
recovered Dy venting off the propylene and oryrg ,he polymer „n the presence of antioxidant') V ac-Cm 
oven. 19 g of ory product was recovered lor a catalyst efficiency of 776 kg polymer g-Zr hr TrYe.rv^ 
content determined by H NMR was 60.5 w,% and the numper-and we.ght-average molecular we.cnis • -m 
GPC were 1 1 0000 ana 255000. resoectiveiy. sucn that Mw.Mn was 2.3. "' 

Comparative E.xamp.e 6: Hexadiene terpoiymenzation with bisitetranycroineer.vO zirconium -\c-<r.- a 
supported cataiyst. ' — — — — - ■ -"- cr -- 

30 mg of the silica-suocorted b.s(tetrahydrc.ndenyi) zirconium dichionde catalyst oi Examoie 2 
charged to a 2 liter reactor containing 1000 ml of liquid propylene and 50 ml of i .4-hexadiene pres«ur.z£ 
to a total pressure of 360 psig w.th ethylene (ethylene differential pressure approximately 100 ps.) atVc 
Additionally. 6 ml of i molar methylalumoxane was conta.ned in the liquid phase as cocatalyst P-lyner-za 
tion was earned out for one hour. Product polymer was recovered by venting off the propylene and-r-'.r.r 
the polymer (,n the presence of antioxidant) .n a vacuum overt. I56.2g of cry polymer procuc- «« 
recovered for a catalyst efficiency of- 482 kg polymer g-Zr.hr. Ethylene content measured by "h nmr „*l 
determined as 78.4 wt% ana hexadiene content was 1.2 wf'.VThe polymer had a Mooney viscosity .ml- .- 
at 12/ Ci of 38. ana the number-and we.ght-average molecular weight determined by GPC we-e S=000 
and 182000. respectively, sucn that Mw Mn was 2.6. The heat of fusion of m.s polymer product wj 9.3 



Comparative examples 7^0: hexadiene terpciymer.zat.on w, t h b.stteirahydroindenyniircon.um -ic-lcnc- 
supported catalyst. ■ 

Further polymerization runs were conducted >n accordance with the procedure cesenbed .n Examp,» 5 
using supported catalyst materials prepared ,n the manner as described by Examcie 2 The csnemens 
under which the aac.t.cnai polymerization runs. Examples 7-i0 were conducted are'r-ccned -n Tace 'A 
the propea.es measured on the EPDM polymer products produced by sucn pc.ymer.zat.cr run 
reported m Table IB. • ••>-.. 



Comparative Example u. £NB tercotymenzaticn -«.m bisitetrah ycrgngenyii 2! rc=r..um = . c »cnce «ucccr~ 
catalyst. • — 

30 mg of the silica-suoocrted bisttetrahyarcmaenvi) zirconium sichlonde catalyst cf Examcie ' =™ 
w.th a Zirconium content of 1.08 wf<„. was chargec to a 2 liter reactor containing 1000 mi cf "iicuc 
prooyiene ano i0 m. of ethyiioene norbornene pressurized to a total oressure of aocrox.mateiy 280 c«;c 
w.th ethylene at 50 C. 6 ml of i molar methylalumoxane was employed as cocataiyst. Poiymer.zancn »a* 
earned out for one hcur. Product was recovereo by venting off the propylene ano drying the polymer on me 
presence of antioxicam) in a vacuum oven, ig g C f dry procuc: «as recovered 'or a cata.yst efficiency -f 
58.6 kg polymer g-Zr.nr. Proton NMR showed that the polymer conta.ned 63.2 wf. etny.ene and 4 5 wis 
ENB. The product haa number-average ana we.gnt-average mo.ecuiar weights of 31.000 ana 72 --go 
respectively, such that Mw Mr. was 2.3. The heat of fusion was 5.2 cai g. 



Comparative Example 12: ENB Teropiymenzaticn with b.sitetrahvaromcenyi) zirconium cicmcnce «uccone" 
catalyst. " ■ 

An additional polymerization run was conducted m accordance w.th the crocecure cescncec n 
Example 1 1 using a suooorted catalyst prepared :n the manner as cesenbeo by Examc.e 2. The ccnc.ticns 
under which the aoaitiona. polymerization run. Examoie 12. was conoucted ana the crocemes rr.easurec cn 
the EPOM polymer so produced are reported m Taoies ia anc IB. 
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Examole 12: 1 - 4 - Hexaciene 'ercoiymenzaaon w, m sinyiene-bndgec b.s.tetrahycro.noenvi, -.rr-r, um <-.r-,„ 
nee supported eataiyst. ' ■ —l~ ll - m ^icio- 

100 -ng ol me s.lica-supporteo ethyiene-bnaged bis.letrahydromaenyl) zircon.um dich.cr.ee !BDBCrM 
catalyst cf Examp.e 3 was charged to a 2 liter r eactC r con,a,ning ,000 m. of liqu.d propylene ana ,00 m o " 
..4-hexac.ene pressured to a total pressure of 4 00 ps.g with ethylene .ethylene different oressurJ 
approximately .50 ps.) a. 50 C. 4 m, of , mo.ar methy.alumoxane was present ,n the reactor as ccata v t 
Po.ym.nzat.on was carr.eo out lor two hours. Product was recovered by vent.ng off the prcov^ne £nc 
orymg the polymer „„ the presence of antiox.aam) ,n a vacuum oven. 5,9.3g of cry product was reccve eo 
for a catalyst efficiency of 400 kg.-g-Zr.hr. Proton NMR showed that the polymer was 61.3 w,-. L^l 'lo 
contained 5.3 w,% hexadiene. The Mconey v.scos.ty <ML,.. at ,27 "C) was mo. ana the num t „. J, 
we-ght-average mciecuiar we.gnts cetermmec by GPC were ,08.000 and 375.000. resoect.ve.y . uch 

505-C WaS P0 ' ymer 3 h6at °' ,U£ '° n °' 04 C£,,;Q 3 S ' aSS ,ranE ' t,0n 'emoe'rarure o 
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E^mples 14^5: 1.4-Hexadiene terooiymer.zation with ethylene-bridged bisttetrahydromeenvi) z.rccn.um 
dichipr.de supported cata.yst. 1 ■ — 

Further polymerization runs were conducted ,n accordance with the procedure descr.bed .n Example ,3 
using a supported catalyst mater.al prepareo in the manner as deserted by Examp.e 3. The conditions 
under wn.ch the add.t.onal poiymenzat.on runs. Examp.es- u-is. were concucted and the orooert.es 
measured on the E?OM polymer so proouceo are reported in Tables IA and IB. 

Example 16: 1.4-Hexadiene temooiymenzatton w„h dimethylsilanyiene-bnoqec b.sitetrahydrcndenyi) z-rco- 
"mm c.chior.oe siiica-suooonec catalyst. " — ' — — -— 

50 mg of the s.lica-suoooned dimethyisilanyiene-bridged b.s(tetrahyoroindenyi) zircon.um dic.ionoe 
catalyst, of Example 4 was charged to a 2 liter reactor ccnta.ning ,000 ml of Hqu.d prooyiene and ,00 m. N 
1.4-hexad.ene pressurized to a total pressure of 5,5 ps,g w.th ethy.ene (ethylene d.fferennai 0 re«ure 
approx.mateiy 275 os.) at 50 C. u mmol cf hydrogen was also aeced to the reactor pnor to "he 
poiymer.zat.cn. ,0 m. of , molar methyialumcxane was employed as cocata.yst. Poiymer.zaticn was carr.eo 
out for one hour. Product was recovered by venpng off the prcoy-ene and crying the oo.ymer „n -r e 
presence of ant.cx.oant> ,n a vacuum even. ,30 g of cry product was recovered for a catalyst -rfioencv "n 
53iKgpciymergZr.hr ■ ' 



Examoles 17-26: '-^"exadiene terpoiymer.zat.on w . t n dimethys.ianyieoe- bndcec OisitetrEhydro.noeovi, 
-o zirconium dicnionde s.iica-suspcrteo catalyst. ~ — 

Further poiymer,zat.on runs were conducted m accordance with -ne procedure described :n Examce 16 
using a supported catalyst mater.al prepared .n the manner as descr.beo ,n Examoie 4 The ccndit.ons 
unoer which the acd.ncnal polymer.zat.on runs. Examples ,7-26. were conducted are reported .n Tacie ia 
;s Examples ,,-,9 co not aoa any hydrogen to the reactor for molecular weight centre). Exanc.es 2"-25 
adceo varying amounts. of hycrogen to tne reactor for moiecuiar we.gnt control. The oropen.es measured 
on the cPDM polymers produced m Examp.es 1 7-26 are reported .n Table 18. 



i0 



Example 27. ENB tercoiymer.zat.on with cimethy.s.lanyiene-brioqed Csitetrahydro.noenyi) z.rcon.um cicmo- 
"oe siiica-suooorteo cata.yst • 



50 mg of the s.iica-sucpcneo oimetnyis.ianyiene-or.dged bisitetrahydro.ndenyi) zirconium dic.ncr.ee 
catalyst of Examp.e 4 was charged to a 2 liter reactor containing ,000 ml cf liquid propylene ar.c ,0 mi cf 
ethylene noroornene oressur.zec to a toiai pressure of £40 ps;g w.m ethylene teihy.er.e efferent,* 
pressure accroximately 275 ps.i a, 50 'C. ,0 m. of l mo.ar methy.a.umoxane was emo.oyeo as -ocata.vst 
Pc.ymer.zat.on was earned out for 30 m.nutes. Product was recovered by venting off the orcoy.ene ano 
drying the ocymer «r the presence :f artt.cx.cartti .n a vacuum even. ,03 3 of sry orccuct was iecsverec 
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for a catalyst efficiency cf 34 1 kg polymer g-Zr.rv. Proton NMR showed that the poiymer was 64.3 wi% 
ethylene and contained 4.2 wt°o ENB. The Mooney visccsuy was 1 22. and the numoer-and.weignt-3verac« 
molecular weights were 15*000 ana 366.000. rescectiveiy. such that Mw.-Mn was 2.4. The heat of fusion 
was t.5 cal.g ana the ooiymer exhibited a glass transition temoerature of -56.9* C. 



Example 28: ENB teroolymen2ation with dimethyisilaryieneondged bisftetrahydromdeny i) zirconium aicr::o- 
noe sinca-suoccrted cataiyst. " : ~ — 

50 mg of the siiica-sucooned dimethylsiianyieneor:aged bisitetrahydromcenyi) zirconium cxhicnce 
supported catalyst of Example 4 was charged tc a 2 liter reactor containing 1000 mi of houid prooyiene ana 
25 ml of ethyiidene norbornene pressurized tc a total pressure of 540 psig with etnyiene (ethylene 
differential pressure cf aoprcxtmately 275 psi) at 50 "C. 10 ml of l molar methytalumoxar.e was employed 
as cocataiyst. Polymerization was carried out for one hour. Product was recovereo by venting off the 
propylene and drying the polymer {in the presence of antioxidant) in a vacuum oven. 165 g of dry product 
was recovered for a catalyst efficiency of 673 kg pctymer g-Zr.hr. Proton NMR showea that the poiymer 
was 58.7 wt% ethylene and contained 8.9 wt% ENB. The polymer had Mooney visccsuy cf 104. a heat cf 
fusion of 0.3 cal.g. and a giass transition temperature of -49.6 'C. The number- ana weight-average 
molecular weights were 1 1 1.000 and 291.000. respectively, such that Mw Mn was 2.6. 



Examples 29-30: ENB termooiymen2aticn with cimetryisilanyiene-brtoged bis(tetranycromoenyi) zirconium 
ocnicnoe sitica-suoccrteo catalyst. ' 



Two further polymerization runs were ccnauctec ;n accordance with the procedures describee m 
Examples 27-28 using a suopcrted catalyst material preoared m the manner as described in Example 4. 
The conditions unoer which the polymerization rur.s. Examples 29*30. were conducted and the properties 
measured on the EPOM polymers so produced are reconed m Taoies IA and IB. 

Comparison of the EPOM elastomers produced oy the process of the invention. Examples 13 to 30. 
with the EPDM elastomers produced m Examples 5 to i2. show that EPOM elastomers produced >n 
accordance wiih the invention have high weight-average molecular weignts, i.e. weight-average moiecuiar 
weight greater than 110.000. and.or Mocney viscosity (Ml--, at 127'C) greater than or equal to 10. while 
having low crystalline/, measured as the heat of ?us:cn. compared io EPDM elastomers prccuceo by 
Examples 6 to 12. All EPDM eiastcmers croduceo by the crocess using a dimeihyis;lar.yiene bnegee bis- 
ftetranyaroindenyl) z:rccnium cicnicnce basea cataiyst have a moiecuiar weignt distribution (Mw Mn> :ess 
than 3.0. - 



EP 0 347 129 A1 



TABLE IA 





E.xO 


Diene 


Diene 


T 


C2 


c 


No 




Acdeo 


<'C) 


psr 








ml 










None 


ft a 

0.0 


50 










Eft 

50.0 


50 


100 






i i.un 


50.0 


50 


100 


JQ 


1 a 


1 i.un 


50.0 


50 


100 








50.0 


60 


150 




in 




75.0 


50 


100 




^ ] 


CINQ 


10.0 


50 


1QSL 




1 0 




-5CL0 


50 


1Q0 


J 5 


1 o 


i i.un 


1000 


50 


150 




1 4 


1 ,4-nU 


50.0 


50 


160 




1 ^ 


i i.un 


50.0 


50 


150 




1 R 


1 4 Un 

i .4-n(J 


100.0 


50 


275 




I / 


1 ,4-HU 


100.0 


45 


250 


5/1 


1 A 
t O 


1 1 Lin 


50.0 


50 


250 




1 Q 


i .4*nU 


50.0 


55 


200 




20 


i i.un 


1 15.0 


50 


275 




21 


1.4-HD 


50.0 


50 


C f J 




22 


1.4-HD 


50.0 


50 


275 




23 


1.4-HD 


SCO 


50 


275 




24 


1.4-HD 


50.0 


40 


325 




25 


1.4-HD 


100.0 


45 


275 




26- 


1.4-HD 


50.0 


50 


200 




27 i 


ENB 


. 10.0 


•*5 


275. 




29 I 


ENB 


JP,0 


50 j 


m 




23 E 


ENB 


,25.0 


50 j 






30 £ 


ENB 


.50.0 


50 l 


70 



H2 
Adceo 
fmmoi) 



Run 
Time 
mm 



Cat 
(mg> 



n n 

u.u 


30 


10 


n n 

U.U 


60 


30 


n n 
u.u 


32 


20 


n n 
u.u 


60 


30 


n n 

u.u 


60 


30 


n n 

U.U 


120 


25 


U.U 


60 


30 


U.U 


240 


40 


A ft 

U.Q 


120 


100 


0.0 


60 


30 


1 .6 


95 


30 


1 4.U 


60 


50 


0.0 


60 


50 


0.0 


60 


40 


0.0 


60 


50, 


7.0 


33 


50 


7.0 


60 


50 


2.2 


60 


50 


l.l 


60 


50 


14.0 


60 


50 


14.0 


60 


50 


14.0 


60 


50 


0.0 


30 


^50 


0.0 


15 


SO 


0.0 


60 


50 


0.0 


120 


30 



Cocat 
Added 
ml 



2.00 a 
6.00 
10.00 
3.00 
6.00 
5.00 
J.00 
4.00 
4.00 
3.00 
3.00 
10.00 
10D0 
8.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
0.00 
10.00 
1O00 
10.00 

s.oo 



Aizr 



1.69 
4.24 
0.85 
1.69 
1.69 
1.69 
0.S5 
0.70 
1.77 
175 
3.77 
3.77 
3.77 
377 
3.77 
3.77 
3.77 
3.77 
3.77 
3.77 
3.77 
3.77 
3.77 
3.77 
3.77 



Cat Eff. 



Yieio 
9 



76 
482 
510 
366 
181 
363 
^8.0 

499 

532 

363 

531 

255 

460 

550 

854 

552 

445 

706 
392 
536 
547 
841 
J224 

221 



j5 temperature. 

" Dees net induce atumoxane oresent cn support. 



19.0 
156.2 
58.7 
118.7 
53.5 
196.0 
19.0 
83.5 
519.3 
83.0 
213.1 
130.0 
62.5 
94.0 
134. 
61.2 
135.3 
109.0 
173.0 
96.0 
143.7 
158.5 
103.0 
75.0 
165.0 
65.0 



Diere 
Ccnv 



6.5 
N. A 

6.5 
9.5 

33.0 

39.0 
6.3 

15.0 
8.5 
4.0 
7 9 

125 

2.4 

72 

7.1 
10.2 

4.5 

8.9 

9.3 

48.4 

35.2 
65.7 
31.0 



a. Cccataiyst ,„ , n,, o, 25 ». »e«y, ahjm 3no , m , 3fl molaf „ ethyts!umo , £ne 



**0 



J5 



50 
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TABLE iB 



Polymer Composition 



*H NMR 



-*5 



20 



£5 



30 



"H NMR 



CXy. 


1 rv 

I Diene 


C2 wt 0/ , 


» Diene 


|\J n 


J 


J 




5 


None 


60.50 




5 


1.4-HD 


73.40 


1.20 


7 


1.4-HD 


70.10 


1.70 


8 


1.4-HD 


75.90 


1.40 


9 


1.4-HD 


81.30 


1.20 


10 


1.4-HD 


78.00 


1 80 


11 


ENB 


68.20 


4.50 


12 


ENB 


50.30 


N/A 


13 


1.4-HD 


61.30 


5.30 


14 


1.4-HD 


68.80 


2.70 


15 


1.4-HD 


64.80 


2.50 


15 


1.4-HD 


69.70 


4.70 


17 


1.4-HD 


70.20 


3.60 


18 


1.4-HD 


64.9 


2.80 


19 


1.4-HD 


62.7 


2.50 


20 


1,4-HD 


73.30 


3.20 


21 


1.4-HD 


67.1 


2.40 


22 


1.4-HD 


67 4 


2.20 


23 


1.4-HD 


67.7 


2.10 


24 


1.4-HD 


70.9 


1.30 


25 


1.4-HD 


66.90 


4.40 


26 


1.4-HD 


65.9 


2.30 


27 


ENB 


64.30 


_!20 


23 


ENB 


53.70 


A90 


29 


ENB 


53.50 


±Z0 


30 


ENB 


36.50 


N A 



HOF 
catg 

93 

7.0 
9.4 
15.9 
7.3 
5.2 
1.1 
0.4 
19 
09 
1.9 
0.7 
0.7 
0.4 
2.4 
0.9 
N.A 
N A 
N.A 

16 
N.A 
1.5 
03 
N- A 
N.A 



XRC 



9.8 
N.A 

10.7 
N A 

6.8 
N.A 
N A 

00 
N.A 
N A 
N.A 
2.4 
2.0 
N A 
N,A 

5.6 
N A 
N.A 
N A 
N.A 
N.A 
N.A 
N.A 
N A 
N A 



ML- - 3 


Mn 


I Mw 


Mw Mn 


127'C 


xl0 : 


xiO^ 






tin 

1 1U 


255 


2.3 


vJO 


69 


182 


2.6 






162 


2.5 




61 


183 


3.0 


CO 


69 


233 


3.4 


C 1 

D 1 


67 


182 


2.7 


i\J A 


J t 


72 


2.3 




30 


J31 


2.7 


1 **K) 


108 


375 


3.5 




178 


508 


2.9 




81 


262 


3.2 


18 


57 


1 JU 


2.3 


95 


N.-A 


N.A 


N A 


110 


147 


367 


2.5 


128 


147 


358 


2.4 


88 


N,A 


N A 


N.A 


94 


92 


230 


2.5 


• 130 


N-A 


N A 


N.A 


124 


N/A 


N A 


N-A 


1 1 


41 


118 


2.9 


40 


74 


174 


2.4 


52 


N.A 


N. A 


N.A 


J 22 


154 


.366 


2.4 


104 


111 


221- 


2.6 


lif 


129 


j45 


2.7 


18 


81 


-Hi 


2.5 



percent fas oeterm.nea f^* ^ ^ *™ 55 ^ 

n-.OLT"™ '°' eS °'" 5 » O' IK invent™ p,o.,de! a ca™«cwl, ,,t, at .„. 

greater mat 0 5 wt« nrTL 9 ' nvemi0n diene may be ' n "'P°'atea in amounts 

pr:°r,r™;:; ;r.s 'rsr: 

• eve i 0 U , C ^r,? m0UP ' ,S °' ENB eX6rI lirt ' e " any effect on me act.v.y of me cata.yst »h.le me 

Examo e 28 ENB er s S r " ^ 50V *' Ih aporox.mateiy 2.5 vort, or ENB « me reacto as'n 

Aimcugn .the .nventicn has teen cescncec 



*>th reference to its preferreo emccatmeni. ;ncse 
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5 Claims 



1. A process for prcoucing an EPDM eiavn™, ~ 
adding an a - 0 .efio monomer I JtonT^^T?"'' 

an amoun, ano uncer assure suff Sen, K ^t^T " SUbS,3n,,a,,y inso ' ub,e >° a reaction . esseI m 
polymerization diluent: 10 a " OW u,,,,2a,,on of sa.d o-oie.in ,„ liQuifieo m 

sucolying diene monomer to said diluent- " 3 

» ~ - • -~ fc „ , r . 



20 



25 



JO 




55 



J5 



so 



branched or r vclic a,^,.-- „ „ r cn rorms a f v$ea ring system- rt R2" ,c a r ^ n - 

integer of 2. 3 or 4; . 9 nyenae. ..ydrocaroyi r S0 .cai or cne.'atmg grouo. snc : S s „ 

reacting me mixture cl monomers for » <, m » . «■ 

and diene monomers to an EPDM ZsroZ' ^ZZ? ^ C0 ' yme """°" °< sa,d e«hy,ene. 3 -o leiln 
- c °"°^^^^ ^uter 3 " 0 " 06 COmPOnen, °' !he "ta.yst a 

^:,™ e r a in 0 9 r i? h ;;:~ 9 cia,ms - whefei - » * - *™ „ 

cata.ys, » 3 " y <* «" cla-m, -nere.n m e meta.locene component of :he 
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20 



25 



00 



where.n R3 , s a C- to C 2: linear, branched or cyclic alkyl grouo and "z" is an inteoer of 0. 1 or 2 

6. The process according to any of claims 2 to 5. wherem there'ex is ts >n the factor vessel a note ra-.o 
of alum.num to zirconium in the range of 10 to 5.000 and.or where.n the polymerization diluent is subiecea 
to an amount of ethylene to maintain a total pressure in the reaction vessel in the range of 10 to i 000 o«i 
m excess of the combined vapor pressure of the a-olefin and diene monomers. 

7. A process according to claim 5 or 6 wherein "z" is 0. 

8. The process acccraing to any of the preceding claims wherein the prcoy.ene polymerization Diluent 
is maintained at a temperature of from 20 to 60 ' C. 

9. A process for producing an EPDM elastomer, comprising the steps cf: 

adding an o-oiefin monomer to a reaction vessel «n an amount sufficient to serve as a polymerization 
diluent: ' ' 

supplying diene monomer to said a-olefin monomer polymerization diluent: 

suspending m said o-olerin monomer polymerization diluent a supponea zirconccsne-afumcxane catalyst 
system wnerein the zirccnocene component cf the catalyst is of the formula: 



jo 




wherem m W is a linear or branched hyorccaroyf raaical having from i to 20 carbon atoms: "z" is an 
integer number from 0 to 2: R 2 bridging group 'S a linear, branched or cyclic aikylene radical having from 
one to six carbon atoms or an alkyl substituted silanylene group having from one to two silicon atoms: and 
each "X** indepenoenuy is alkyl. aryl. hyanae. or haiogen: 

subjecting said a-oierin coiymenzation diluent :o ethylene m an amount :c maintain total pressure m :ne 
reaction vessel m excess of the vaoor pressure of the a-oiefin ana oene monomers, ano: 
maintaining the a-oiefin coiymenzation diluent at a temperature cf from -10 ;o 90* C for a time sufficient to 
permit copoiymenzaticn of saio ethylene. 3 -oiefin ano diene monomers :o an EPDM elastomer navmo a 
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«e.ghr-average molecular weight greater than n 0.000 and a Mooney viscosity (ML,., at ,27* C; greater 

10. A orocess for producing an EPDM elastomer having either a weight-average molecular «,«*, 
creater than , ; 0 .000 or a Mooney viscosity ,M L: ., a, ,27 "a greater than ,0 comprising con, ~ 
po.ymenraoon cor.a.tions ethylene, an o-oiefin monomer and a diene monomer w,,h a neJclZl 
clumoxane catalyst system wherein the metallocene .s represented by the formula: 



IS 




25 



00 



wnere.n "M" is titanium, zirconium or hafnium: each "fV" independently IS a C: to C J: linear branc-ea or 
cyclic alkyi group or a d to C. a.kylene which forms a fused nno system: "R 2 " is a C- to C- : inear 
branched or cyclic alkylene group, an alkyi substituted s.lanylene grouo or an alkyl suostituteo s.iaa.kyiene 
group: each "X" independently ,s a halogen, hydr.ce. alkyl. aryl or chelating group, ano V is an .nte-er of 

2. 3. or 4. 3 

11. The process of cairn 10. wherein said orocess »s a continuous polymerization process prefera-iy a 
slurry process employing a hydrocarbon in which an EPDM elastomer is substantially insoluble -n an 
amount and under a pressure sufficient to allow ut.lization of said hydrocarbon ,n liqu.fieo form as a 
polymerization diluent. 

12. The process of claim 10 or claim 11. wnere.n M is zirconium and the zirccnocene->i umC xane 
catalyst is present on a catalyst sucpon material, the zirconium being present ,n an amount of from 0 02 *o 
5.0 w e ,ght percent ztrccn.um metal based on total catalyst we.gnt. preferably with the catalyst «ucccrt 
material being a s.l.ca gei treated with metnyialumoxane ana or z:rccmum being present , n an amcun; cf 
from 0.10 to 1.0 weignt oercent zirconium metal basec on total catalyst weight. 

13. The process aceorc.ng to any of clajms 10 to 12. wnerem M is zirconium ana the z.rccnccene 
component of the catalyst is of the formula: 



-o 



so 



55 




wnere.n R2 s a c. ;n c :: 'inear. branchec cr :yc:ic aikyi grouo and "\r .s an integer of 0. i cr 2. 
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t4. The process accorcing to any of claims 10 to 13. wherein there exists m the reactcr vessel a 
rauo o* aluminum to metal M in the range of 10 to 5.000. 
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